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Turbulence variables calculated 
from the G-1 Gustprobe

Presently available
Vertical Velocities, wa

Turbulent Energy Dissipation Rate, e

Microscale Reynolds Number, Rel

Turbulent Eddy Fractal Dimensionality

New



Motivation for the Microscale Reynolds Number, Rel

Probability density

Turbulence is intermittent

The degree on intermittency 
is proportional to Rel

As Rel increases, the probability of

1. Very large values of turbulence 
increases

2. Near zero values of turbulence 
increases

Wyngaard, Annu.Rev.Fluid.Mech. 1992



There is a correlation between Rel and the flatness factor (F) of (du/dx) 
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Sreenivasan and Antonia, Ann. Rev Fluid Mech., 1997

The microscale Reynolds number is calculated from Rel= F2.86

and is averaged to 10 Hz



Rel and wa versus  Time
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The Rel maxima are at the turbulent eddy boundaries.
This was conjectured by Vainstein and Sreenivasan, 1994.



Turbulent Eddy Fractal Dimensionality

1

2

3

4

5

6

7
8
9

10

2

3

4

5
C

ou
nt

s

10
2 3 4 5 6 7 8 9

100
2

Size

CHAPS 2007
070617a

d ln(counts)D =  =  1.78  0.05
d ln(1/size)

±



Application of Turbulence to Cloud Studies, MASE 2005
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Relative Disp. = 0.0688(Turb)-(0.541±0.0357)

Adiabatic Turbulence Effect on Cloud Droplet Relative Dispersion
                         MASE, 1 minute averages

 050720a
 050719b
 050715

The effect has been shown earlier by Liu and Daum with updraft data.

Vaillancourt (2002), in a numerical simulation, explained this as a decreased correlation
between droplets and their thermodynamic environment due to turbulence



Interaction of turbulence with aerosol particles above 
marine stratus clouds: the enhanced aerosol layer.
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Plot of the aerosol particle concentration, measured by the SP-200 probe. 
Particles counts are per cm3, dry, summed from 0.1 to 0.4 m diameter. 
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Enhanced aerosol layer is turbulently coupled to the cloud top
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Measured turbulent energy dissipation rate versus altitude, with the 
troposphere bottom at 607 m, and cloud top at 457 m

This is the first experimental evidence of this turbulent 
coupling, though it has been predicted



Chemistry in the Enhanced Aerosol Layer
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O3 response, 4 sec

Ozone is being produced in the enhanced aerosol layer as a result
of chemical reactions producing new particles; a similar

spike is observed in SO2 at the same altitude



Excess aerosol particles between 2.5 and 10 nm in the 
enhanced aerosol layer
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The difference between the particles counts of the CPC3025 and CPC3010
is the number of particles between 2.5 and 10 nm



Further evidence for new particle formation in the enhanced aerosol layer

Observed aerosol particle concentrations in the enhanced aerosol
layer and the immediate cloud top, Counts/cm3

______________________________________________________
Cloud Top                               Aerosol Layer             

Sample #   Sum CAS  Sum SP-200   Sum(CAS+SP-200)    Sum SP-200
050719A          120              310                         430                       1210
050719B          130              220                         350                       1280
050719C          190              365                         555                       1440
050719D          280              190                         470                       1580
050720A          305              350                         655                       1200
050720B          305              275                         580                       1410
050720C          280              100                         380                       1200
050720D          340              110                         450                       1100
050720E          300              120                         420                         420

Ratio of aerosol particles in the enhanced  
aerosol layer to cloud top is 2.8 ± 0.6

Why aren’t the particle concentrations equal since 
there is turbulent transport between the EAL and cloud top??



The higher concentration of aerosol particles in the enhanced layer compared 
to the cloudtop is due to

rate of new particle formation > rate of turbulent transport back into the cloud top

Therefore the new aerosol particles are accumulating in the enhanced 
aerosol layer

Summary of evidence for new particle formation in the EAL

•Elevated ozone and SO2 concentrations
•Elevated aerosol particle concentrations between 3 and 10 nm in the EAL
•Elevated concentrations of aerosol particles in the EAL compared to 
cloud top

This will be pursued further in VOCALS



Secondary aerosol layer above the enhanced aerosol layer
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Secondary aerosol layer is not turbulently coupled to the cloudtop, nor is it 
producing ozone. It is the enhanced aerosol layer from an earlier time, perhaps
the previous day.



Summary
The following turbulence quantities can be calculated from the gustprobe

Vertical Velocities, wa
Turbulent Energy Dissipation Rate, e
Microscale Reynolds Number, Rel
Turbulent Eddy Fractal Dimensionality

Turbulence is needed in our understanding of  

Cloud particle relative dispersion
 The enhanced aerosol layer above marine stratus clouds

Turbulence has to be included in order to understand 
cloud microphysics


	Interaction of Turbulence, Clouds and Aerosol Particles


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


